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Abstract
Background: Different parameters are currently used to evaluate migraine frequency and disability. We aimed to for-

mulate a composite scale including the most relevant clinical measures to better evaluate the burden of migraine.

Methods: To create the composite four dimensions 4D migraine scale, we selected the most commonly used outcome

measures: monthly migraine days (MMDs), number of monthly acute medications (MAMs), pain intensity (by Numerical

Rating Score, NRS) and Migraine Disability Assessment (MIDAS) Score. Each parameter was categorized in different

levels: five for MMDs, seven for MAMs, five for NRS and six for MIDAS to cover the entire empirical range of each vari-

able. First, the relative weight of each level per parameter was rated by 197 migraine patients and 118 headache experts

using Conjoint Analysis. Secondly, we applied the 4D migraine score to a sample of patients treated with galcanezumab.

We assessed its concurrent validity for the scale’s single parameters and the Head Impact Test HIT-6, an external patient-

reported outcome measure.

Results: There was a substantial agreement between clinicians and patients about the weight of each parameter in terms

of Relative Importance (RI). For both categories, MMDs were the most relevant attribute (RI: 34% for clinicians, 32% for

patients) and pain intensity NRS the least important (RI: 14% vs 13%). Though marginally, MIDAS was more important

than MAMs for patients (29% vs. 26%), while for clinicians the relevance of these two attributes was almost equal

(26% and 27%). In terms of the utility assigned to each level, strong agreement was confirmed between clinicians and

patients. According to the utilities implicitly attributed by participants to the chosen representative levels of the four para-

meters, four different statistical models were derived, allowing to compute utilities from all possible values of MMDs,

MAMs, NRS and MIDAS and finally a unique 4D migraine score for every possible patient, ranging from 0 (without

migraine) to 100 (with the most severe migraine). The 4D score was valid in terms of sensitivity to changes and showed

concurrent validity with respect to HIT-6.
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Conclusion: The 4D migraine scale, based on the preference weights of both clinicians and patients, could be useful to

fully quantify the migraine burden and the efficacy of a treatment.
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Introduction
Different outcomemeasures are used nowadays to evaluate the
severity of migraine. Among them, migraine frequency is
the most commonly employed, as generally the higher the
number of monthly migraine days (MMDs), the higher the
burden. Migraine frequency is also usually used for diagnostic
criteria, subdividing episodic migraine (EM), i.e., up to 14
MMDs, and chronic migraine (CM), i.e., 15 or more monthly
headache days (MHDs) (1). However, the CM criteria are the
only ones reported in the International Classification of
Headache Disorders (2) (1.3 ICHD-3, 2018), where attack
frequency is specified (i.e., at least eight days/month must
have the features of migraine headache). Nevertheless, the
use of a 15-day/month threshold to distinguish EM and CM
has been criticized as it seems neither to fully capture the
burden of illness nor to reflect the treatment needs of patients
(3,4). Almost all studies consider MMDs as the primary end-
point to evaluate patients’ migraine burden and pharmaco-
logical treatment efficacy (5,6). Many studies, however, also
took into consideration MHDs, especially in people with
CM, as it is almost impossible to distinguish the individual
episodes of headache in patients with daily or near daily head-
aches, and the characteristics of the headache may change not
only from day to day but even within the same day (2).

Clinicians may also assess migraine burden by the
number of days on which patients take at least one acute
medication, or alternatively by the total number of symp-
tomatic drugs patients took during the observation period.
Indeed, patients with migraine may take multiple acute
medications on the same day to treat severe and long-lasting
attacks; on the other hand, patients with mild and short-
lasting headaches might not take any acute medication on
some headache days. Single-attack pain intensity, or
rather the mean intensity of attacks, and different evaluation
scales were often considered in evaluating the degree of
migraine pain (7). Thus, the use of a headache diary is fun-
damental for reporting days, drugs, and pain intensity of the
attacks to be discussed between patients and physicians
during clinical examinations.

However, the burden ofmigraine cannot be fully assessed
through measures focusing exclusively on headache fre-
quency and pain degree or acute medication intake. The

concept of headache-related functional disability and
impact on quality of life (QoL) reported by patients has
become of paramount importance in fully defining the
migraine burden. Migraine often has a dramatic impact on
people’s ability in different settings: i.e., work or school,
housework, family, and leisure activities. The higher the fre-
quency or intensity of headache attacks, the greater the
impairment on functional ability and quality of life.
Information about these aspects ofmigraine helps physicians
to fully evaluate the need for treatment. Patient-reported
outcome measures (PROMs) assessing headache-related
disability and quality of life are now recognized as essential
tools in evaluating the impact of migraine in clinical practice
(8). Different validated questionnaires or scales are available
to measure disability and the impact on QoL of migraine (9–
11). However, studies often use different PROMs or those
are not even considered, even in randomized controlled
trials or real-life studies.

Nevertheless, either reporting frequency, pain intensity,
or drug intake, or assessing disability or quality of life,
could not entirely represent the burden of migraine. It
would be important to have a composite measure, including
the most relevant parameters from those reported above,
and designed employing a weighted approach to fully
evaluate the migraine severity and the degree of treatment
efficacy. Different attempts have been made, also recently
(12,13), but they considered only migraine frequency or
attack features (e.g., total pain burden, etc.), failing to
also include disability and quality of life.

The present study aimed to propose a composite
scale including themost common parameters used to evalu-
ate migraine frequency, pain intensity, acute medication
intake, and patient-reported disability, and to apply the
obtained score for evaluating treatment response in patients
on amonoclonal antibody anti-CGRP (galcanezumab), and
assessing its concurrent validity compared to the single
parameters.

Methods
The composite scale includes four of the most common
parameters used to evaluate migraine severity: frequency,
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pain intensity, acute medication intake, and a patient-
reported disability measure.

The relative weight of each parameter was rated based
on both patients’ and headache experts’ opinions, who
responded to an anonymous web-based Discrete Choice
Experiment (DCE) survey using a validated approach.

Therefore, we applied the obtained composite score to assess
its suitability in monitoring treatment response in a post-hoc
analysis of the prospective observational GARLIT study (14)
conducted on a sample of EM and CM patients treated with a
monoclonal antibody anti-CGRP (galcanezumab). We assessed
its concurrent validity with respect to the four parameters con-
sidered singularly and a different measure (Head Impact Test
HIT-6 Scale) (10) not included in the composite scale.

Participants
Adult migraine patients under the care of the Headache
Center of the Fondazione Policlinico Campus Bio-Medico
and/or members of Alleanza Cefalalgici (Al.Ce.), an associ-
ation of migraine patients in Italy, were invited to fill the
web-based Discrete Choice Experiment survey.

The clinicians taking the survey were headache experts
working in several Italian headache centers and affiliated to
either the two Headache Societies in Italy, Associazione
Neurologica Italiana Ricerca sulle Cefalee ANIRCEF and
Società Italiana per lo Studio delle Cefalee (SISC).

Enrollment in the study was initiated when individuals
accessed the web-based survey link. Upon accessing the
survey, participants were provided with an information
page outlining the study’s purpose and the anonymous
nature. Consent to participate was obtained electronically
by ticking a checkbox before continuing with the survey.

Enrollment and inclusion/exclusion criteria of the
GARLIT study participants are described elsewhere (14).

Discrete choice experiment. We chose four of the best
known parameters commonly used as migraine outcome
measures: Monthly Migraine Days (MMDs) for measuring
Days with migraine, Monthly Acute Medications (MAMs)
for counting number of symptomatic Drugs taken, the worst
attack pain intensity (by Numerical Rating Score, NRS,
score 0–10) for evaluating pain Degree (or Dolor in
Latin) and Migraine Disability Assessment (MIDAS) ques-
tionnaire for scoring Disability, to create the composite four
dimensions 4D migraine scale (where 4D stands for Days,
Drugs, pain Degree and Disability).

Each parameter was categorized into a number of levels:
five for MMDs (1,7,14,21,28), seven for MAMs
(1,7,14,21,28,35,42), five for NRS (1,3,5,7,9), and six for
MIDAS (3,8,16,25,50,90). The selection of these levels
was dictated by the need to cover the entire empirical
range of each scale, considering that two of them have prede-
fined bounds (0–28 for MMDs, 0–10 for NRS), one (MAMs)
has no predefined upper limit (for instance a patient with the

maximal value of MMD= 28 days which assumes at least
two drugs for each migraine day would result in a MAMs=
56, i.e.,≥ 40), thus we chose two levels beyond 28 (35 and
42), and, finally, one (MIDAS) has a theoretical upper
bound (270) but usually its distribution – before taking an
effective therapy – is typically always highly skewed and
a score of 90 is usually considered indicative of a very
strong disability due to migraine. Therefore, the levels
were chosen by experienced migraine clinicians to indicate,
for each parameter, the representative degrees of severity,
taking into consideration real-world data from 171 patients
at T0 (before treatment), where MAMs and MIDAS histo-
grams are represented after log-transformation to account
for their log-normal distribution (Figure 1).

The chosen parameters – referred to as “attributes”,
according to the Discrete Choice Experiments (DCE) ter-
minology (15) – and levels within each attribute are
reported in Table 1 (DCE design).

Using Lighthouse Studio (https://sawtoothsoftware.com/),
an advanced platform for Conjoint Analysis, a series of pair-
wise choice tasks was generated. For each of them, two
hypothetical (but realistic) patients suffering from migraine
were described utilizing scale parameters. In each task,
respondents (patients and clinicians) were asked to assess
which of the patients was in better health (Figure 2).

Each profile is randomly generated to obtain a representa-
tive subset of all possible profiles and, consequently, of the
possible pairwise comparisons. The optimal DCE design
should be orthogonal (if all attribute levels vary independently
and thus are not correlated) and balanced (when each level of
an attribute occurs the same number of times). In this study, a
perfectly orthogonal and balanced design was not feasible, as
it would have generated several unrealistic profiles. Examples
of implausible combinations are: a patient suffering one day
with migraine a month (MMD= 1), which assumes more
than 14 symptomatic medications, or has a MIDAS score≥
16 points. During the pilot survey, when an interviewed clin-
ician or patient encountered implausible combinations, they
struggled with the choice tasks, and their responses were
likely to be missed or unreliable. Thus, according to expert
clinicians, some combinations were prohibited (see Online
Supplementary Table S1). As is known, prohibitions hinder
the achievement of a perfectly orthogonal and balanced
design, but the applied statistical procedures allow for adjust-
ments to such discrepancies from the optimal (but unrealistic)
design. The tests of the DCE designs are presented in the
Online Supplementary Materials (Tables S2 and S3).

Sample size
According toOrme’s formula (16), an appropriate sample size
for DCE studies is n≥ 500*b/(a*c) where a= the number of
alternatives, b= the number of levels in the largest attribute,
and c= the number of choice tasks. In our study we chose
to compare just two profiles to facilitate the task (thus a= 2),
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the attribute with the largest number of levels was MAMs
(thus b= 7) and the number of choice tasks was limited to
12 (thus, c= 12) to avoid incomplete compilations (drop
outs), resulting in a sample size of at least 146. In addition,
by using the Lighthouse Studio software simulator, we
estimated the standard errors of the effects of each level
obtainable with 300 respondents. We found that they were
consistently below the recommended threshold of 0.05
(Online Supplementary Material, Table S3).

Statistical analysis
Discrete choices of patients and clinicians were used to esti-
mate the utilities that each respondent attributes to each
attribute level. This estimation was performed according to
the Hierarchical Bayes algorithm proposed by Lighthouse

Studio. Values above the reference line=0 indicate a positive
utility, whilst values less than 0 indicate a negative utility
(disutility).

These measures were regressed vs. levels of each scale to
identify the polynomial model that best interpolates the
relationship between scores and utility. Only for the
MIDAS, there was a necessity for a log-transformation to
eliminate the lognormality of the original score distribution
and to mitigate the potentially biasing effects of outliers.
Since utilities were obtained within and among respon-
dents, polynomial models were applied within the frame-
work of General Estimating Equations, with the
respondent serving as the “cluster”. The working correl-
ation matrix was “unstructured”.

Through the estimation of the utilities associated with
each possible value of each scale, an overall composite
score, weighted by utility, was computed and standardized
to a final scale from 0 (patient without any migraine) to 100
(patient with the worst possible migraine condition).

Since this computation was based on observed data, the
formula will be reported and explained in the Results section.

This is not a clinical study since it does not deal with pre-
vention/diagnosis/prognosis/therapy, and, according to
Italian laws, it is not mandatory to obtain its approval by
Territorial Ethical Committees.

Patients and physicians participating in the anonymized
web-based survey provided their consent online. As the
application of the 4D score for this retrospective efficacy

Table 1. DCE design (attributes and levels).

Attribute Representative chosen levels

Monthly Migraine Days (MMDs) 1 7 14 21 28

number of Monthly Acute

Medications (MAMs)

1 7 14 21 28 35 42

Attack pain intensity Numerical

Rating Score (NRS)

3 8 16 25 50 90

Migraine Disability Assessment

(MIDAS)

1 3 5 7 9

Figure 1. Distribution of scores measured at T0 (before treatment) in each of the four considered measures included in the 4D

migraine scale. To be noted that the distribution of MMDs is affected by rounding on 5-points scale (15, 20, 25, 30) and that MAMs and

MIDAS appear normally distributed only after log-transformation.
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analysis on the previously collected data was considered in
line with the objectives from the GARLIT Study (14)
(approved by the Campus Bio-Medico University Ethical
Committee n.30/20), the need to recall the patients to
re-sign the informed consent form was waived.

Results

Estimation of relative importance and utility models
Onehundred andninety-sevenmigraine patients and118 clin-
icians answered the questionnaire and completed the choice
tasks. There was a substantial agreement between clinicians
and patients about the weight of each parameter in terms of
Relative Importance (RI) (Figure 3(a)). For both groups,
MMD was the most important attribute (RI: 34% for clini-
cians, 32% for patients), while pain intensity-NRS was the
least important one (RI: 14% for clinicians, 13% for patients).
Thoughmarginally,MIDASwasmore important thanMAMs
for patients (29% vs. 26%), while for clinicians the relevance
of these two attributes was almost equal (26% and 27%). In
terms of the utility assigned to each level (Figure 3(b)),
strong agreement was confirmed between clinicians and
patients. Besides the trivial findings of decreasing utilities
with increasing scores of each scale, some peculiarities
deserve to be described: the highest utility is attributed to
MMD= 1, which is significantly larger than MAMs= 1,
MIDAS= 3 and NRS= 1; the highest disutility is attributed
to MIDAS= 90, even if only marginally higher (worse)
than MMD= 28 and MAMs= 42. The pattern of the rela-
tionship between utility and scale levels is substantially
linear only for MAMs: for MMD a steeper increase is
observed moving from MMD= 7 to MMD= 1 with
respect to changes between the other levels; MIDAS 3–8
are considered very close in terms of utility, as well as
16–25 and 50–90; NRS, which is confirmed the least

important attribute, shows similar utilities for the levels
3–5, with a slightly steeper increase from 3 and 1 and
linear decrease from 5 to 9.

These patterns were further analyzed using polynomial
models, which also allowed for the estimation of the util-
ities attributable to non-observed levels (interpolation
between observed levels and extrapolation beyond
observed levels). The equations were as follows:

Utility MMDs = 68.48− 11.52 ∗ min(MMDs, 28)

+ 0.582 ∗ min(MMDs, 28)2− 0.011

∗ min(MMDs, 28)3

(1.1)

Utility MAMs = 43.57− 1.96 ∗ min(MAMs, 60) (1.2)

Utility MIDAS = 51.43− 4.836 ∗ (loge(MIDAS + 1))2

(1.3)

Utility NRS = 28.85− 11.33 ∗ NRS + 1.916

∗ NRS2 − 0.144 ∗ NRS3 (1.4)

The estimated relationships between utilities and
scales are represented in Figure 4. According to the
above equations, every possible value of each scale
can be converted into a utility measure, and an overall
utility can be derived by averaging the four utility mea-
sures.

4D raw score = −(Utility MMDs+ Utility MAMs

+ Utility MIDAS+ Utility NRS)/4 (2)
To be noted the minus sign, which changes the direction

of the scale, so the higher the 4D score, the worse the
overall utility (as for each original measure).

In such a way, the overall utility can be interpreted as a
weighted measure, where the weights are based on patients’
preferences and confirmed by clinicians because of the
strong agreement between patients and clinicians.

Figure 2. Example of a choice task given to patients and clinicians who participated in the survey.
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Figure 3. Weights of each parameter in terms of Relative Importance (RI) (a) indicating a good concordance between patients and

clinicians; utilities assigned to each level (b): to be noted that, besides the concordance between patients and clinicians also in terms of

level-specific utilities, the pattern is approximately linear only for MAMs, since for MMD the difference between 1 and 7 days is much

higher than between the other consecutive pairs of levels, for MIDAS no relevant change of utilities was estimated between 3 and 8,

between 16 and 25 and between 50 and 90, while utilities steeply decreased from 8 to 16 and from 25 to 50, for NRS again a simple

linear relationship could not be assumed.

Figure 4. The estimated relationships between utilities and scales and an example of the 4D migraine composite score calculation for

an individual patient X. Each panel shows the polynomial function used to convert one of the four migraine dimensions into its

corresponding utility value, as estimated by the Discrete Choice Experiment (see Equations 1.1–1.4): (a) Utility of Monthly Migraine

Days (MMDs); (b) Utility of Monthly Acute Medications (MAMs); (c) Utility of Migraine Disability Assessment (MIDAS); (d) Utility of

Numerical Rating Scale (NRS) for pain intensity. For this exemplificative patient X, raw data are MMDs= 14, MAMs= 30, MIDAS= 80,

NRS= 7, corresponding to utilities of −8.9, −15.3, −42, and −5.9, respectively. The mean of these utilities gives the 4D raw score of

−(−8.9 −15.3 −42 −5.9)/4= 18. This value is then standardized to the 0–100 clinical range using Equation 3: 4D score= 100× (18+
48.1)/(110.7)= 60. Horizontal scales represent the theoretical minimum (−48.1; corresponding to a migraine-free status) and

maximum (+62.6; corresponding to the most severe condition). The resulting 4D score= 60 places the patient within the severe

migraine category (50.1–65), according to the classification proposed (see Table 2).
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Finally, to obtain a more intuitive, easy-to-use, and clinic-
ally relevant score, the following equation should be applied:

4D score = 100 ∗ (4D score raw + 48.1)/110.7 (3)

which allows for the representation of every possible patient
on a 0–100 scale, ranging from 0 (a patient without migraine)
to 100 (a patient with the most severe migraine possible)
(Table 2 and Figure 4, which report an example of 4D
migraine score calculation for an individual patient X).

4D migraine score validation in a real-world setting
The 4D score was computed on a cohort of patients treated
with galcanezumab for one year and evaluated every three
months (14).

The 4D score is a preference-based average of four vari-
ables, and it was expected to tend towards a normal distribu-
tion (according to the central limit theorem, although, strictly
speaking, in our case, the four components are not independ-
ent of each other). Since the established range was 0–100, to
comprise 99.9% of patients (100% is not possible since the
domain of the normal distribution is −∞, +∞), a theory-
based standard deviation is SD= (100–0)/(z0.9995−z0.0005)=
100/6.58= 15.2. According to data gathered for galcanezu-
mab, observation-based SDs resulted equal to 13.0 at T0
(baseline), 16.1 at T1 (after three months), 15.8 at T2 (after
six months), 13.6 at T3 (after nine months) and 14.7 at T4
(after 12 months), with an average of 14.6 which confirms
that SD= 15 could be assumed for 4D migraine score.
With such SD we propose the following classes of 4D
migraine scores: 0–5 “none”, 5.1–20 “very mild”, 20.1–35
“mild”, 35.1–50 “moderate”, 50.1–65 “severe”, 65.1–80
“very severe”, 81.1–95 “most severe”, 95.1–100 “extreme”.

Figure 5 represents the 4D migraine score distribution at
each time of the galcanezumab real-world study, showing
that baseline severe score values shifted toward mild-
moderate classes three months after the introduction of gal-
canezumab and the benefit persisted throughout the
one-year treatment.

In addition, the estimate of the theoretical and empiric-
ally confirmed SD allows to lean on effect size conventions
and to propose that 0.8*15= 12 can be considered a “large”
effect size (very relevant difference between two indivi-
duals as well as very relevant within-patient change),
0.5*15= 7.5 a “medium” effect size and 0.2*15= 3 a
“small” effect size.

As shown in Figure 6, a strong effect of the treatment was
found for each outcome (eta-squared consistently above 0.25
and p<0.001), and the composite 4D score properly sum-
marized the changes after treatment with a larger effect
size (eta-squared= 0.691) than that of each single parameter,
suggesting higher sensitivity to changes. As a further check,
the concurrent validation was assessed with respect to HIT-6,
a patient-reported outcome measure not included in our 4D
scale. As shown in Table 3, the concurrent validity of the
4D score is consistently higher than that of the single
outcome measures, further confirming that the proposed
composite score effectively summarizes and incorporates
migraine patient status and outcome measures.

Discussion
We aimed to create the 4D migraine composite scale, incorp-
orating four of the most commonly used measures for evalu-
ating the severity of migraine, MMDs, MAMs, pain
intensity-NRS and MIDAS, and to evaluate its potential
application in fully defining the migraine status and verifying
the effectiveness of a preventive treatment. Our choice of the
four dimensions was based on their widespread use and clin-
ical relevance of these variables in both research and practice
for assessing migraine burden and treatment efficacy.
Furthermore, these variables are easy to collect, also allowing
centers not dedicated to headache treatment to collect them
and potentially use the 4D score.

Our scale contains two objective parameters, monthly
migraine days, MMDs, and the number of monthly acute
medications, MAMs, which are reliable in assessing the

Table 2. Computation of 4D score for three “extreme” patients (without migraine, with the mildest migraine possible, with the most

severe migraine possible) and for a realistic “middle” patient X.

patient without

migraine

patient with

mildest migraine

patient with

worst migraine Patient x

MMD 0 1 28 14

MAMs 0 0 60 30

MIDAS 0 0 270 80

NRS 0 1 10 7

utility MMD 68.5 57.5 −39.3 −8.9
utility MAMs 43.6 43.6 −74.2 −15.3
utility MIDAS 51.4 51.4 −100.3 −42.0
utility NRS 28.8 19.3 −36.8 −5.9
4D-score raw −48.1 −43.0 62.7 18.0

4D-score (0–100) 0 5 100 60

Pasqualetti et al. 7



frequency of attacks and the patients’ need to treat them to
restore their functionality to face daily activities. The par-
ameter MMD was the most chosen by both patients and
clinicians as the most important in determining migraine

burden. We included MAMs in the composite score
because, in our opinion, the number of symptomatic
drugs rather than the days with acute medications is more
helpful in describing attack severity and response to acute

Figure 5. Distribution of 4D migraine score at baseline and 3, 6, 9 and 12 months after the introduction of galcanezumab. Classes are

defined according to standard deviation of 15, with the exception of the “none” and “extreme” classes.

Figure 6. Observed changes in the Real World study with galcanezumab: effect sizes of 4D composite score and of four single

included parameters.
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treatment in terms of pain freedom. Then, we added two
other measures: pain intensity and the MIDAS score. They
are totally subjective from the patients’ side as they describe
the highest intensity level of migraine pain experienced by
the patients and their headache-related disability in three life
domains, work (or school-work), household work, and
family, social, and leisure activities over a three-month time
period. We chose to include these parameters, which are
used worldwide in definingmigraine severity, rather than cre-
ating different indicators or new multi-assessed scales, to
establish a standardized common ground and terminology
for evaluating migraine severity. Moreover, the relative
weight of each parameter was rated based on both patients’
and headache experts’ opinions according to the DCE vali-
dated approach. The Discrete Choice Experiment is an
accepted methodology for gathering and analyzing quantita-
tive data on patients (17). It was applied in migraine field to
understand preventive treatment preferences of patients with
migraine (18,19). In our study, DCEwas applied, and a defin-
ite score was attributed to each level of the included four para-
meters. The total 4D score was calculated by summing up the
scores of each of the four parameters for each patient. To the
best of our knowledge, this is the first time an outcome
measure has been created that shares both patients’ and clini-
cians’ experiences.

Evaluating the clinicians’ point of view too may have
important clinical implications. As an example, some
patients responding rapidly to acute medications, do not
perceive an everyday disability and may underestimate
their migraine burden. Conversely, the headache specialist
may consider the frequent use of acute medications nega-
tively due to the risk of developing medication overuse
headache, which may influence therapeutic choices.

We did notwant to eliminate orminimize the clinical value
of the parameters considered singularly. Still, with the 4D
scalewe can evaluate themigraine severity from four different
points of view, including parameters used worldwide in the
research and clinical management of migraine, and combine
them to obtain one score, i.e., one number, expressing a
more complete quantification of patients’ migraine severity
than that explored by single parameters. The four components

are usually used as independent outcome measures in studies
investigating the impact of treatments on migraine patients,
and frequently they improved (or worsened) in parallel.
However, they are often interrelated: MMDs are the basis
for calculating the MIDAS score, and pain intensity is a sub-
jective measure of disability itself; MAMs often reflect the
days with headache but also the disability of patients’
attacks, and so on. However, in our opinion, none of the para-
meters alone can fully evaluatemigraine severity, and the rela-
tionship between them is only implicit. Considering the four
of them in a composite scale allows for measuring migraine
severity or the impact of a treatment comprehensively and
also catching the interrelation among the parameters that
each of them independently cannot detect. Moreover, it can
assess the impact of migraine in patients without collinearity
of such parameters (e.g., high MAMs and low MIDAS
score). Finally, the composite 4D score reached an effect
size of 0.691, which makes the change from baseline more
visible and the effect of a treatment more consistent than
each single measure.

Severity of migraine is an essential determinant of
headache patients’ disability, quality of life, and health
care resource utilization. However, no validated method
currently exists for globally measuring migraine burden.
About 20 years ago, the MIGSEV scale attempted to iden-
tify items capable of assessing the severity of migraine
with a high level of clinical and psychometric relevance
and to combine these items into a unitary severity scale
(20). The study consisted of a three-stage process. In the
first step, the most relevant items for determining severity
were defined a priori by consensus and built into a ques-
tionnaire. Secondly, the psychometric properties of the
questionnaire were investigated in a prospective survey
of migraine subjects, and the most discriminating severity
items were identified by principal components analysis.
Finally, the selected items were built into a unitary scale,
and a consensus of neurologists devised a scoring
system. In the study, seven items reflecting severity were
identified: intensity of pain, tolerability, disability in
daily activities, presence of nausea or vomiting, resistance
to treatment, duration of attacks, and frequency of attacks.
Principal components analysis identified three dimensions
accounting for 65% of the overall variance, related to the
intensity of attacks, resistance to treatment, and frequency
of attacks. The internal consistency and the reproducibility
of the items appeared quite satisfactory, and variations in
these items were correlated with quality-of-life scores. The
authors concluded that the items on the intensity dimen-
sion could be combined to generate a simple scale for
assessing migraine attack severity. However, with the
three dimensions identified, the MIGSEV scale measures
the clinical severity of migraine attacks rather than their
impact on patients’ lives. Finally, no prospective study
has been conducted to validate the MIGSEV scale, asses-
sing its validity against patients’ and physicians’

Table 3. Concurrent validity of 4D score

Correlation with

HIT-6

4D

score MAMs MMD NRS MIDAS

T0 0.287 0.161 0.179 0.254 0.221

3 months 0.575 0.393 0.494 0.485 0.496

6 months 0.613 0.522 0.586 0.577 0.399

9 months 0.471 0.422 0.501 0.362 0.416

12 months 0.581 0.506 0.548 0.49 0.502

Sperman’s rank correlations between 4D score and HIT-6 at each

follow-up evaluation (galcanezumab real-world data) compared with the

correlations vs. single outcome scales.

Highest correlation for each time in bold.
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subjective assessments of severity and quantitative mea-
sures of quality of life.

Anothermore recent study (21) investigated howmigraine
patients can rate the severity of their disease using the Global
Assessment of Migraine Severity (GAMS), that can be
obtained by asking the patient to respond to a single question:
“taking into account all aspects of your disease, how severe is
your disease?”with seven response categories, from (1) not at
all severe to (7) extremely severe, and how these ratings cor-
relate with disability scores (MIDAS) or even with psycho-
logical comorbidities (in particular depression, measured
using the 9-item Patient Health Questionnaire (PHQ-9) and
the 14-item Hospital Anxiety and Depression Scale
(HADS). However, themeasure remained a single, subjective
measure, from thepatients’ sideonly, not combinedwithother
parameters, and thus did not represent an objective evaluation
of the migraine burden.

More recently, the concept emerged that it is the headache
pain, in terms of duration and severity, rather than the head-
ache frequency itself, that determines the level of headache
disability. A ‘total pain burden (TPB)’measure (12) including
monthly headache days, duration of migraine headache, and
maximum severity of migraine headache on a given day
was proposed.Agreater reduction inTPBwas seen in patients
with episodic or chronic migraine treated with galcanezumab
relative to placebo. This enables a more comprehensive
assessment of the potential benefits of preventive treatments
in reducing the overall pain burden, thereby supporting
patient-centered evaluations of treatment expectations.

Similarly, the ‘whole pain burden’ (13), derived from the
product of headache frequency (i.e., mean of attacks per
month in the last three months) per headache intensity
(mean of NRS values) per headache duration (mean head-
ache hours when treated) went in that direction. It was
used, together with other PROMs on migraine-related dis-
ability, impact, and quality of life, as well as symptoms
of depression or anxiety, to evaluate the galcanezumab
impact on patients who had experienced previous unsuc-
cessful preventive treatments.

The proposals above remarked that a composite measure
may define migraine severity but also evaluate the effective-
ness of migraine treatments based on more than one param-
eter. However, both proposed composite scales focused
mainly on the attack characteristics, and they did not
include a disability measure in their evaluation.

Moreover, an isolated parameter may not fully reflect the
clinical improvement in its complexity after treatment, as it
may also depend on several other features. In other words,
the best clinical approach for physicians when treating a
patient should not be based solely on a single parameter
in the decision to prolong or interrupt that therapy. This is
well demonstrated by a paper from De Icco et al. (22).
According to the Italian Medicines Agency (AIFA) rules,
anti-CGRP monoclonal antibodies and gepants in Italy are
prescribed for the preventive treatment of migraine in

patients who have the following criteria: i) at least eight
migraine days per month in the last three months, ii)
MIDAS score≥ 11, and iii) previous failure due to lack of
efficacy or tolerability of at least three standard of care
oral preventive drugs. Although recently updated, the treat-
ment could be continued only in patients who reported a≥
50% reduction in MIDAS score after an initial period of
three months. Thus, in Italy, the MIDAS score represents
one of the key indicators for treatment initiation and a limit-
ing factor for treatment continuation. The authors evaluated
the performance of MIDAS and MMDs in achieving a≥
50% reduction after three months of treatment in predicting
long-term (1-year) clinical effectiveness. The pivotal
finding of the study was that up to one-third of patients quali-
fying as responders at the end of one-year treatment would
have been discontinued early if the ≥50% MIDAS reduction
criterion alone had been applied. The same would also be
the case if the unique MMD parameter were considered. By
contrast, the combination of these two parameters provided
an improved accuracy: if the “either MIDAS or MMDs” cri-
terion were applied, only 16% of responders at T12 would
have been discontinued after only three months of erenumab
treatment. Once more, this study confirms that ideally the
combination of several features, namely: reduction in head-
ache frequency, pain intensity levels, pain duration, acute
drugs consumption, as well as improvement in patients’
reported outcomes such as disability and quality of life
may fully describe both the migraine burden and the clinical
response to a treatment in its complexity, including the
option to continue or discontinue that treatment. This is par-
ticularly true in hard-to-treat migraine patients, where a
mild reduction in all four composite scale parameters
results in clinically meaningful improvement (23).

The 4D score could be adapted to different scenarios.
In the present study, we used it to track meaningful clin-
ical changes over time during one-year treatment with
galcanezumab. The score allows longitudinal monitor-
ing of clinically relevant change through a single com-
posite measure. However, the 4D score could also be
useful for clinical decision-making at baseline, by con-
textualizing migraine burden when individual para-
meters are discordant, and potentially supporting
decisions such as the initiation of preventive therapy.
In this context, the score serves as an additional standar-
dized metric to aid decision-making, complementing
existing guideline-based criteria.

The study has some limitations. The estimate was
obtained with statistical models that accounted for the pre-
ferences of a limited sample of about 300 people with
migraine and headache experts. Moreover, we had to rely
on model-derived utilities to define the score based on the
weights of patients and clinicians. A discrete choice experi-
ment is a robust and validated method to assess preferences
and to transform choices into utilities. However, the method
has some limitations, the most important are: 1) it is based
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on self-completed questionnaires and requires that partici-
pants carry out several choice tasks, with the consequence
that motivated participants provide evaluable answers
with the risk of a selection bias; 2) preferences and utilities
strongly depend on how attributes and levels are proposed,
i.e., the inclusion/exclusion of an attribute or a different
choice of levels within an attribute could modify the estima-
tion of relative importance and utilities. Concerning limita-
tion 1), we could not exclude a selection bias of highly
motivated patients but, thanks to the administration of the
questionnaire to clinicians also, we documented a close
similarity of preferences in the two groups of participants,
which gives us the possibility to venture a certain general-
izability of our results, even if it needs to be verified in an
independent sample. Considering limitation 2), the four
components (MMDs, MAMs, MIDAS, and Pain-NRS) do
not cover all possible domains of migraine, but they are
the most considered in RCTs and Real-World studies. In
addition, the levels were carefully chosen to represent the

whole potential range of each variable; thus, the bias asso-
ciated with the choice of specific and arbitrary levels should
not be relevant in our study.

Finally, 4D is still a concise score, which could be a
weak point but also a strong point, given its higher sensitiv-
ity compared to any single parameter.

Conclusions
The 4D migraine scale, based on the preference weights
of clinicians and patients, could be a useful outcome
measure to be considered in clinical trials for fully meas-
uring the migraine burden and the efficacy of preventive
treatments. Further studies on larger samples of migraine
patients are needed to verify the viability of such a com-
posite score in clinical practice for treatment indication
and monitoring in terms of clinical outcome, patients’
satisfaction, impact on the interictal burden, and social
costs.

Clinical implications

• A single measure may only partially represent the burden of migraine.
• We created the composite 4D migraine scale, including four of the most used parameters: monthly migraine days,
monthly acute medications, pain intensity, and Migraine Disability Assessment Score.

• The 4D scale was based on the preference weights of both clinicians and patients. It resulted in a more sensitive score
than single parameters to quantify migraine severity and treatment efficacy fully.
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